neutrophils were treated with phorbol myristate acetate (PMA) 10 M. In contrast to a 162% increase in oxidative burst prior to ischemia, neutrophils at 10 minutes of reperfusion had an enhanced response to PMA of 336% (p^0.05). Plasma collected from the ischemic hindlimb at 10 minutes of reperfusion when introduced into an abraded skin chamber or intratracheally induced diapedesis in non-ischemic animals. PMN chamber, were 1636 -258 PMN/mm 3 after 3 hours (n the skin -18
accumulations in = 8) compared to 63 PMN/mm^ induced by sham plasma (n = 4, p-^0.05). Introduction of ischemic plasma intratracheally into a lobar bronchus (n = 4) induced PMN accumulations after 3 hours, measured by bronchoalveolar lavage fluid of 19 -2 X 10^ PMN/ mm 3 compared to 5 4 IX 10^ PMN/mm 3 with sham plasma (n = 4, p^0.05). Diapedesis was completely prevented (0-3 PMN/mm 3 , p-^0.05) by introducing ischemic plasma into skin chambers in animals whose hindlimbs had been made ischemic (n = 6) or into chambers located on skin regions which had been previously made ischemic (n = 6). Similarly, following hindlimb ischemia, lavage of the lung with ischemic plasma yielded few PMN 0-3/mm (p^0.05). These data indicate that ischemia and reperfusion lead to generation of a circulating component in plasma that causes an oxidative burse in PMN and inhibits their diapedesis but when applied extravascularly to a naive animal promotes diapedesis.
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Page 2 ABSTRACT Hindlimb ischemia and reperfusion results in local limb and distant lung injury. This study tests whether the mechanism of injury is by ischemia mediated polymorphonuclear leukocyte (PMN) activation and diapedesis. Anesthetized rabbits were subjected to three hours of hindlimb ischemia (n=8) or sham ischemia (n=4). PMN derived solely from the reperfused ischemic limb, assayed flow cytometrically displayed an oxidative burst of 135 ± 8 fentamoles dichlorofluorescein (fmDCFVcell compared to pre-ischemic levels of 74 ± 14 fmDCF/cell (p < 0.05). Additional aliquots of isolated neutrophils were treated with phorbol myristate acetate (PMA) 10 7 M.
In contrast to a 162% increase in oxidative burst prior to ischemia, neutrophils at 10 minutes of reperfusion had an enhanced response to PMA of 336% (p < 0.05 To test this hypothesis, the PMN oxidative burst was assayed flow cytometrically following hindlimb ischemia. Further, plasma collected during reperfusion was introduced into abraded skin chambers or intratracheally into non-ischemic animals to measure its effects on diapedesis. The same studies were conducted in ischemic animals to evaluate possible inhibition of PMN accumulations.
METHODS
Animal preparation. Forty-seven New Zealand white male rabbits weighing 3 to 6 kg were used. Initial anesthesia was achieved with intramuscular ketamine (35 mg/kg) and intravenous xylazine (5 mg/kg) and maintained with xylazine 2 mg/kg every 30 minutes. Saline, 0.3 ml/kg/h was infused via a carotid arterial cannula placed aseptically via a small neck incision on the day of the experiment. All animals were placed on 37* C heating pads.
HinHlimh ischemia. Anesthetized rabbits (n=8) underwent 3 hours of bilateral hindlimb tourniquet ischemia. Cuffs were inflated to 160 mmHg. Prior to completion of the ischemic period, the vena cava was ligated just above the iliac confluence to ensure collection of blood derived solely from the ischemic region. Activated neutrophils are known to sequester in the lung microcirculation and if sampling were conducted from the systemic circulation might be unavailable for sampling. Moreover, lung leukosequestration following reperfusion induces eicosanoid generation. This methodology excludes nonischemic-tissue derived metabolites.
During the first 10 minutes of reperfusion, the venous return of both hindlimbs was collected from the vena cava, distal to its point of ligation (approximately 0.5 ml/min) and discarded. A similar volume of saline was simultaneously replaced via the carotid line. In previous studies by our laboratory, it was found that plasma thromboxane B 2 and leukotriene B 4 levels peaked 10 minutes following reperfusion of the ischemic hindlimb, whereas immediate levels were not raised. Therefore, after the 10 minute washout, 4 ml of hindlimb venous return was collected in cooled heparinized syringes containing 0.1 ml ethylene diamine tetracetic acid (0.07 mg/ml) and aspirin (0.05 mg/ml) and transferred on ice for flow cytometry. Thereafter, another 10 ml sample of blood was collected in a similar manner and centrifuged at 1500 x g for 20 minutes. Aliquots of 0.5 ml plasma were frozen at -20' C and subsequently used in an in vivo chemotactic assay. Prior studies have shown that heparin, EDTA or aspirin in doses used in plasma did not interfere with the chemotactic assay.
Sham rabbits. Animals (n=4) were prepared as above but were not subjected to ischemia. FT "wn,"P^ol. Anesthetized rabbits were subjected ,o bilateral hindfimb ischemia <"=8) or sham ischemia (n=4) for 3 hours. After 10 minutes of reperfusion the venous effluent was collected. PMN were separated and used for flow cytometry and the plasma used for blister and intratracheal treatments. Tlte plasma was introduced into blisters atop animals; whose hindlimbs had been made ischemic (n=9); or who had been subjected to sham ischemia (n=8); or whose dorsal skin used for the blister preparation had been made ischemic with a Satinsky clamp <"=6). Plasma collected from animaJs who had undergone sham ischemia was used as control in all studies. Hindlimb or skin ischemia was for a period of 3 hours. Ten minutes of reperfusion The second part of the study tested the ability of ischemic plasma to induce diapedesis. It was found that plasma derived from the ischemic hindlimb during reperfusion induced diapedesis in both abraded skin chambers as well as in the lungs of non-ischemic animals. These data suggest that reperfused tissue generates a facto*) that increases PMN-endothelial interaction.
The ability of ischemic plasma to induce diapedesis when applied extravascularly may also be leukotriene dependent. Thus, ischemic plasma contains increased levels of LTB 4 , which is known to be both a powerful chemoactivator and chemoattractant.
The third part of the study tested the effect of local and remote ischemia in moderating diapedesis. Surprisingly, following ischemia of skin, ischemic plasma with a known chemotactic ability was unable to induce diapedesis when instilled into blister chambers positioned on this previously ischemic skin region. Similarly, following hindlimb ischemia, ischemic plasma introduced by lavage into the lung or into the blister packs failed to induce diapedesis. It has been reported that mixing PMN with a chemoattractant will inhibit subsequent directed migration (13) . This is consistent with our observations that the intravascular administration of a chemoactivator induced by ischemia and reperfusion will inhibit a later chemotactic stimulus. These results suggest a desensitization of the neutrophil. Other interpretations are possible. Thus, chemoactivators released intravenously may stimulate endothelium to synthesize prostaglandins which could serve as inhibitors of PMN adhesion and diapedesis. This is unlikely, since neither indomethacin nor aspirin pretreatment of endothelial cells, in order to inhibit prostaglandin synthesis prevented neutrophil adhesion (9) . Secondly, activated endothelial cells may generate a non cyclooxygenase dependent leukocyte adhesion inhibitor (10) . Reports indicate that such an Page 11
inhibitor acts directly on the leukocyte, is blocked by actinomycin D but not by indomethacin or aspirin. However, it is unlikely that ischemic tissue synthesizes a leukocyte adhesion inhibitor, since the time scale of synthesis of this stable protein is 4 hours (10). In our study, there was complete inhibition of diapedesis over the course of the first three hours after ischemia. Finally, a low flow phenomenon following hindlimb ischemia, induced by PMN plugging of the microcirculation (11, 12) of the skin or lung is an unlikely cause of the inhibition of diapedesis. Histology of ischemic reperfused tissue (1) and skin blood flow measurements reported in this study and by others (13) discount this mechanism.
We speculate that the extravascular administration into lungs or blister pack of ischemic plasma will activate endothelium to synthesize intercellular adhesion molecules (ICAM) and/or endothelial leukocyte adhesion molecules (ELAM). Thus, in vitro or in vivo preincubation of endothelium with a chemoattractant increases PMN adhesion and diapedesis, events associated with ICAM or ELAM synthesis (14) (15) (16) (17) . In contrast, in vitro preincubation of PMN with leukotriene B 4 , similar in effect to intravascular leukotriene B 4 administration or ischemia and reperfusion, will decrease PMN diapedesis through EC (18) . This desensitization suggests leukocyte adhesion receptor downregulation, or alternatively failure of induction of endothelial ICAM or ELAM. A recent study has described the sequence of neutrophil activation following hindlimb ischemia (19) . The oxidative burst and prominent additional response to PMA stimulation are noted after 5 minutes. At 30 minutes of reperfusion the neutrophils cannot be stimulated by PMA whereas at 60 minutes the PMA effect has been restored to levels equal to those noted before ischemia. These results indicate that the timing of the second stimulus is important. It is possible that the chemotactic effect, blunted by hindlimb ischemia would be restored after several hours. In a clinical setting, repeated episodes of ischemia may lead to long term inhibition Page 12 of chemotaxis and therefore vulnerability to sepsis. The observation of neutrophil migration into regions of myocardial or intestinal ischemia is not necessarily at variance with these considerations. It is likely that neutrophil desensitization is temporary (18) and with the continued presence of an extravascular chemoattractant, neutrophils will ultimately migrate.
Adhesion without diapedesis of activated neutrophils is sufficient to induce lung injury, documented by increased permeability. Studies in this laboratory have described the role of adhesion in mediating tissue injury following hindlimb ischemia. Eicosanoids, particularly leukotrienes and thromboxane A 2 , as well as oxygen free radicals appear to be important since their pharmacologic antagonists prevent lower torso ischemia induced lung leukosequestration and microvascular permeability increase (20) (21) (22) (23) (24) .
In summary, these data indicate that ischemia and reperfusion lead to the generation of a circulating agent in plasma which results in a PMN oxidative burst and inhibition of diapedesis. This is likely due to deactivation of the stimulated neutrophil since ischemic plasma, when applied extravascularly, enhances PMN migration. 
